INTRODUCTION {#s1}
============

Stanniocalcin-1 (STC1) is a fish hypocalcemic hormone that targets on fish gills to inhibit Ca^2+^-transport. The mammalian homolog of the hormone was cloned in the screening of cancer-related gene \[[@R1]\] and was identified in the transcriptional profiling of serum-starved human fibroblasts \[[@R2]\]. The data implicated that the hormone is likely involved in growth-related processes and metabolism. Interestingly, an early STC1-transgenic mouse model showed dwarf phenotypes \[[@R3]\]. In mammals, the hormone is broadly expressed in various body tissues and is recognized as a paracrine/autocrine factors. Recent works have revealed the association of STC1 expressions with various pathological mechanisms and diseases phenotypes, in particular to inflammation, tumor growth and metastasis \[[@R4], [@R5]\]. Significant upregulations of STC1 were reported in tumors under hypoxic or oxidative stress \[[@R6], [@R7]\]. Considerable numbers of studies have also shown differential expressions of STC1 in paired human tumor and normal tissues. Increased STC1 expression was mostly detected in human tumor samples of colorectal cancers and hepatocellular carcinomas (HCC) \[[@R8], [@R9]\], non-small cell lung cancer \[[@R10]\], ovarian cancer \[[@R11]\], breast carcinoma \[[@R12]--[@R14]\] and leukemia \[[@R15]\]. Many laboratory experiments have revealed that STC1 expression was associated with tumorigenesis in renal \[[@R16]\], breast and ovarian cancers \[[@R11], [@R17]\]. However, the association of greater expressions of STC1 in tumors with either poor or good prognosis is still not conclusive \[[@R5]\].

Current evidence supports the association between STC1 expression and tumorigenesis. The involvement of STC1 in the processes of tumor growth, epithelial-mesenchymal transition (EMT) and apoptosis in various types of cancer were suggested \[[@R11], [@R16], [@R18]--[@R23]\]. Our previous study using clinicopathological data of HCC showed significantly greater expression of STC1 in tumors versus the paired normal samples \[[@R24]\]. However a negative correlation (*p* = 0.008, 216 patient samples) of STC1 expression with tumor size was observed. Using STC1-overexpressing metastatic HCC cell-line (MHCC-97L) in the study, the negative correlation was confirmed. However, the underlying molecular mechanism on how STC1 reduced tumor masses is not clear. In fact, the dwarf phenotypes in STC1-overexpressing transgenic mice may provide some clues on the role of STC1. Intriguingly, transmission electron microscopy of the transgenic mouse tissues revealed enlargement of mitochondria \[[@R25]\]. The observation suggested that STC1 may target on mitochondria to affect cell metabolism. Latter studies in the characterization of STC1 receptor suggested a functional role of STC1 to uncouple the process of oxidative phosphorylation \[[@R26], [@R27]\] and to activate mitochondrial antioxidant pathways \[[@R28]\]. With the benefit of hindsight, in this study lentiviral-based overexpression approach was applied to monitor tumor growth in nude mice xenograft and to characterize *in vitro* functional implications of STC1. Using the metastatic HCC cell-line (MHCC-97L), biochemical and molecular pathway analyses were performed to elucidate the effects of STC1-overexpression on the epithelial phenotype, tumorigenicity and metabolism of the cells.

RESULTS {#s2}
=======

Effect of STC1-overexpression on cell phenotype {#s2_1}
-----------------------------------------------

STC1 overexpression was established in the metastatic human hepatocellular carcinoma (MHCC-97L) using lentivirus approach. The S1-derived xenografts in immunodeficient mice exhibited significantly lower tumor volumes starting from day 22 to 33 of the post-inoculation (Figure [1A](#F1){ref-type="fig"}). On day 33, the dissected tumor masses from the mice inoculated with wild-type MHCC-97L (P) or MHCC-97L-STC1 (S1) cells were shown (Figure [1B](#F1){ref-type="fig"}). *In vitro* measurement of the tumor sizes showed consistent observation as the *in vivo* data in which the tumor weights and volumes were significantly lesser in the S1 xenografts (Figure [1C--1D](#F1){ref-type="fig"}). When comparing the cell morphology between P and S1 cells, P cells showed elongated fibroblast-like phenotype (Figure [2A](#F2){ref-type="fig"}). The S1 cells however exhibited the morphology to be more polygonal in shape. Quantitative real-time PCR and western blot analysis showed a remarkable increase in the levels of STC1 transcript and protein in S1 cells (Figure [2B](#F2){ref-type="fig"}), illustrating the high efficacy of the viral infection. Colony formation assay showed significantly lower plating efficiency of S1 cells (Figure [2C](#F2){ref-type="fig"}). Microscopic examination of the cell colonies also illustrated that S1 cells were more tightly packed as compared with the P cells. Western blot analysis showed that the S1 cells had greater expression levels of β-catenin, N-cadherin and E-cadherin (Figure [2D](#F2){ref-type="fig"}). Boyden chamber assay revealed that the migratory responses of S1 was significantly lesser than P cells, with or without the addition of the hepatocyte growth factor (HGF) (Figure [2E](#F2){ref-type="fig"}).

![The growth of the human metastatic hepatocellular carcinoma cell-line (MHCC-97L, P) and lentiviral vector mediated-STC1 overexpressing MHCC-97L (S1) in immunodeficient mice\
(**A**) The measurement of tumor volumes of P- and S1-derived xenografts in mice against the days of inoculation. From day 22 onwards until the end of the experiment (day 33), significant smaller tumor volumes were recorded in S1-derived xenografts (*n* = 10, ^\*^*p* \< 0.05). (**B**) The photomicrographs shows the isolated P- and S-derived xenografts. Panels (**C**) and (**D**) show the distributions of tumor weights and volumes, respectively. Significant lesser tumor weights and volumes were measured in S1-derived xenografts.](oncotarget-09-6852-g001){#F1}

![Tumorigenicity-phenotype of the human metastatic hepatocellular carcinoma cell-line (MHCC-97L, P) and lentiviral vector mediated-STC1 overexpressing MHCC-97L (S1) in culture\
(**A**) Light micrographs show the elongated fibroblast-like and polygonal phenotype of P and S1 cells, respectively. (**B**) The validation of the mRNA and protein expression levels of STC1 in S1 cells using real-time PCR and western blotting. (**C**) Representative images of cell colonies and plate-reads of P and S1 cells (left panel). The statistical analysis of the colony form and plating efficiency (right panel). (**D**) Western blot analysis shows the expression levels of epithelial-mesenchymal transition (EMT) proteins in P and S1 cells. Significant greater expression levels of β-catenin and E-cadherin were observed in S1 cells. (**E**) Boyden chamber assay shows that the migratory responses of S1 was significant lesser than P cells with or without the addition of the hepatocyte growth factor (HGF, 100 ng/ml). Bars with the same letter are not significantly different according to the results of one-way ANOVA followed by Duncan\'s multiple ranges tests (*p* \< 0.05).](oncotarget-09-6852-g002){#F2}

In cytological and molecular characterization, MTT data indicated significantly lower proliferation of S1 cells (Figure [3A](#F3){ref-type="fig"}). Annexin V-PI flow cytometry revealed no significant differences in the percentages of apoptotic or PI^+^ cell populations (Figure [3B](#F3){ref-type="fig"}). Interestingly, the use of a Coulter counter for cell-sizing showed significantly smaller cell size of S1 as compared with P cell population (Figure [3C](#F3){ref-type="fig"}). S1 cells had the average cell diameter of 17.6 ± 2.19μm, which were significantly smaller (*p* \< 0.001) than P cells (19.6 ± 2.45μm). Since the phosphorylation of ribosomal protein (rp) S6 is an important determinant of cell size, we measured the cellular levels of the phosphorylated (Ser240/244) and total rpS6 using western blotting. Figure [3D](#F3){ref-type="fig"} showed that S1 cells had significantly lower phosphorylation level of rpS6 (p-rpS6) as compared with P cells. Moreover a significant reduction in the phosphorylation of the upstream regulatory kinase p70^S6K^ (Thr 389) in S1 cells was observed. On the other hand, an increase in the phosphorylation of p70^S6K^ (Thr421/Ser424) at the C-terminal auto-inhibitory pseudosubstrate domain was evident. Although the phosphorylation at the pseudo-region was thought to activate p70^S6K^, Le and co-workers demonstrated that the phosphorylation is not necessarily concordant with the activation \[[@R29]\]. Instead, paclitaxel-induced phosphorylation at Thr421/Ser424 was found to reduce the activity of p70S6K. Therefore, the changes in the phosphorylation patterns at Thr389 at the linker domain of p70^S6K^ in S1 cells supported the notion that the smaller cell size phenotype was linked to the inactivation of the p70^S6K^-p-rpS6 pathway. Nonetheless, there was no noticeable change in the phosphorylation of mTOR (Ser2448), an upstream kinase of p70^S6K^. This observation prompted us to investigate another functionally-related kinase, AMP-activated protein kinase (AMPK), which negatively regulates mTOR/p70^S6K^ pathway \[[@R30]\]. Western blot analysis showed a significantly greater level of pAMPKα (Thr172) in S1 cells (Figure [4A](#F4){ref-type="fig"}). Cellular ATP level (Figure [4B](#F4){ref-type="fig"}), glycolytic and extracellular O~2~ consumption rates (Figure [4C](#F4){ref-type="fig"}) were significantly lower in S1 cells (*p* \< 0.05, fit-regression analysis, Minitab). In addition, a significantly greater expression level of pyruvate dehydrogenase kinase (PDHK1) (Figure [4A](#F4){ref-type="fig"}), which negatively regulates pyruvate dehydrogenase (PDH) flux to reduce mitochondria-derived ATP \[[@R31]\] was noted in S1 cells. The decreased cellular metabolism in mitochondrial respiratory pathway was accompanied with a significantly greater GSH/GSSG ratio (Figure [4D](#F4){ref-type="fig"}).

![Cytological and molecular characterization of the human metastatic hepatocellular carcinoma cell-line (MHCC-97L, P) and lentiviral vector mediated-STC1 overexpressing MHCC-97L (S1) in culture\
(**A**) MTT assay shows significant lower proliferative rate of S1 cells. (**B**) Flow cytometry (annexin V-PI) shows no significant differences in the percentages of apoptotic or PI^+^ populations of P and S1 cells. (**C**) Coulter counter for cell-sizing shows S1 exhibited significant smaller cell size as compared with P cell population. (**D**) Western blot analysis show the expression levels of phosphorylated protein kinases in P and S1 cells. Significant lesser levels of p-70^S6K^(Thr 389)/p-rpS6 were observed in S1 cells.](oncotarget-09-6852-g003){#F3}

![Metabolism effects of STC1 overexpression on MHCC-97L (S1) in culture\
(**A**) Western blot analysis shows significant greater levels of p-AMPK and PDHK1 in S1 cells. (**B**) ATP determination shows significant lower cellular ATP levels in S1 cells. (**C**) Glycolysis (left panel) and extracellular O~2~ consumption (right panel) assays show significant lower rates of metabolic processes in S1 cells. (**D**) A greater GSH/GSSG ratio was measured in S1 cells.](oncotarget-09-6852-g004){#F4}

DISCUSSION {#s3}
==========

Our previous study showed that STC1 was upregulated in the tumor tissues from the analysis of clinical data of 216 HCC patients \[[@R24]\]. The observation implied the greater expression of STC1 being associated with poor prognostic outcome. However the same set of date showed tumors with greater expression level of STC1 (tumor/normal ≥ 2) being significantly smaller (*p* = 0.008) than the samples with lower STC1 (tumor/normal \< 2). Using HCC cell-line analysis, we showed the inhibitory actions of STC1 on the pro-migratory effects of IL-6/IL-8, the growth of tumor spheroids in culture and the development of tumor mass in nude mice model \[[@R24]\]. The underlying mechanisms of a greater STC1 expression in the smaller tumor mass of HCC is not clear.

In the present study, using the metastatic hepatocellular carcinoma (MHCC-97L, P) and STC1-lentivirus overexpressed cells (MHCC-97L-STC1, S1), we identified that STC1-overexpression transformed P cells from fibroblast to epithelial phenotype (S1) in culture. Greater expression levels of E-cadherin and β-catenin were evident in S1 cells. Although β-catenin is able to form nuclear complexes with high mobility group transcription factors (the lymphoid enhancer binding factor (LEF)-1/T cell factor (TCF) family) to induce epithelial-mesenchymal transition, the upregulation of E-cadherin is known to inhibit β-catenin transcriptional activity \[[@R32], [@R33]\]. In addition β-catenin is part of a protein complex that forms adherens junctions for E-cadherin mediated cell adhesion for the maintenance of epithelial cell layers \[[@R34]\]. Thus, the greater expression level of E-cadherin in S1 cells might lead to the epithelial phenotype. In fact, the supporting role of STC1 in the process of re-epithelization in human keratinocytes was demonstrated \[[@R35]\]. Moreover, in the present study the epithelial phenotype of S1 cells was observed in the colony formation assay, with significantly lower plating efficiency.

Using Coulter counter analysis, S1 cells showed significantly smaller cell size. The smaller cell size was associated with lower level of ribosomal protein S6 phosphorylation (p-rpS6), reduced cellular ATP contents and greater level of phosphorylated AMPK. The phosphorylation of rpS6 is known to be a positive regulator of cell size \[[@R36]\] and is regulated by the upstream kinase p70^S6K^ \[[@R37]\] and mitogen activated protein kinase \[[@R38]\]. Our data showed the lower phosphorylation of p70^S6K^ in S1 cells while no significant changes in the levels of phosphorylated ERK1/2. Indeed, p70^S6K-/−^ mice exhibited smaller cell and animal sizes \[[@R39]\]. Likewise, the overexpression of human STC1 in mice showed a growth retardation phenotype \[[@R3], [@R40]\] in which a possible role of STC1 in mitochondrial function and cell metabolism was suggested \[[@R25]\]. To address the role of STC1 in cell metabolism, the experiments for the determination of cellular ATP level, glycolytic flux and extracellular O~2~ consumption were conducted. S1 cells showed significantly lower cellular ATP levels, which was associated with lower rates of glycolysis and extracellular O~2~ consumption. The reduced mitochondrial respiration in S1 cells might result in a lower cellular level of reactive oxygen species which was revealed by a greater ratio of GSH/GSSG in the cells \[[@R41]\]. Our observation also aligned with the finding of other studies. The function of STC1 was found to uncouple the process of oxidative phosphorylation via an increased expression of mitochondrial UCP2 \[[@R42]\] to reduce ATP synthesis \[[@R26], [@R27]\]. Moreover, the effect of STC1 on the stimulation of gluconeogenesis in rat and fish kidneys was suggested \[[@R43]\], which is the endergonic process to consume cellular ATP. The reduced cellular ATP levels could be perceived by the key regulator in the cellular energy metabolism, AMPK a sensor of ADP/AMP/ATP ratio \[[@R30]\]. Presumably, AMPK was activated under the low cellular ATP content in S1 cells, to block the phosphorylation of p70^S6K^ \[[@R44]\]. Therefore, the greater level of phosphorylated AMPK (p-AMPK, Thr172) in S1 cells may explain the lower level of p70^S6K^ (Thr 389) in S1 cells, even though the levels of p-mTOR were comparable between P and S1 cells. Intriguingly, Pan and coworkers reported that the high STC1 expression in a transgenic mice model was associated with a greater AMPK activity as compared with the corresponding wild-type and STC1 knockout animals \[[@R45]\]. The data supported the functional association between STC1 and AMPK activity. Taken together, the literatures and our data support the observations of the smaller tumor mass of S1 cells in nude mice and the clinicopathological analysis in our previous study \[[@R24]\]. S1 cells exhibited lower cellular ATP levels and reduced p70^S6K^/p-rpS6 signals, which were the possible causes of smaller tumor mass in the nude mice.

In summary, the present study showed the smaller tumor xenografts in nude mice and cell size derived from STC1-overexpressed metastatic human HCC-97L cells. Follow-up experimental analysis underlined that S1 cells exhibited epithelial phenotype, low plating efficiency and reduced migratory potential. Western blotting analysis illustrated the downregulation of p70^S6K^/p-rpS6 pathway but an upregulation of AMPK pathway, underpinning the molecular pathways associated with the smaller cell size phenotype. The significantly lower glycolysis, O~2~ consumption and ATP production in the STC1-overexpressed cells attributed to the reduction of cellular energy metabolism.

MATERIALS AND METHODS {#s4}
=====================

Cell culture {#s4_1}
------------

Metastatic hepatocellular carcinoma (MHCC-97L) and human embryonic kidney cell line HEK293FT were cultured in a high-glucose Dulbecco\'s modified Eagle\'s medium (DMEM) (Gibco; Life Technologies) supplemented with 10 % heat-inactivated fetal bovine serum (Gibco; Life Technologies) and antibiotics (25 U/mL penicillin and 25 μg/mL streptomycin) (Life Technologies).

Lentiviral overexpression of STC1 in MHCC-97L cells {#s4_2}
---------------------------------------------------

Human STC1 cDNA that encodes the wild-type full-length protein was cloned into pENTR/SD/D-TOPO (Life Technologies) according to the manufacturer\'s instructions. STC1-insert was then sub-cloned into the expression vector pLenti6.3/TO/V5-DEST (Life Technologies) using Gateway LR Clonase II Plus Enzyme Mix (Life Technologies). HEK293FT cells were seeded into 100 mm dishes overnight, followed by co-transfection with the ViralPower Packaging Mix and pLenti6.3/TO/V5-DEST-STC1 or pLenti6.3/TO/V5-DEST using Lipofectamine 2000 (Invitrogen). Supernatants containing virus were collected after 48 hr and stored at −80°C. MHCC-97L (P) were seeded into 6-well plate overnight, then transduced with lentiviral particles and 6 μg/mL polybrene (Sigma-Aldrich) for 24 hr. The stably infected cells (S1) were selected using 4 μg/mL blasticidin (Life Technologies) for over 2 weeks. STC1 overexpression were verified by qPCR and western blotting.

Xenograft animal model {#s4_3}
----------------------

Two hundred microliters of P or S1 cells (2 × 10^6^ cells) were subcutaneously inoculated in the right frank of 6-week-old male BALB-c nude mice (*n* = 10) using 29-gauge needles. Tumor volumes were measured twice per week and calculated by the equation \[(width^2^ × length)/2\]. When the average volume of inoculated tumor in the control group was about 700 mm^3^, all the mice were sacrificed. In this experiment on day 32, the tumor samples were collected and weighed.

Colony formation assay {#s4_4}
----------------------

P and S1 cells were seeded in 6-well plates (500 cells/well, *n* = 6, in a complete DMEM high glucose medium). After 10-day of the incubation, cells were fixed with ice-cold methanol for 10 min at −20°C, and stained with 0.5 % crystal violet (Farco Chemical Supplies) in 20 % methanol at room temperature for 10 min. Colony images were captured using light microscopy and counted by ImageJ.

Boyden chamber-based cell migration assay {#s4_5}
-----------------------------------------

Migration assay was performed in 24-well cell culture inserts (Falcon) with 8 μm pore size membrane. P and S1 cells were trypsinized from 100 mm plates, then washed with a serum-free DMEM twice. The cells were seeded into the inserts in the serum-free medium with or without 100 ng/mL hepatocyte growth factor (HGF, Gibco), whereas the lower chambers of the wells were filled by the medium containing 10 % FBS. After 24 hr incubation at 37°C, the cells on the top side of the insert membranes were removed by cotton swabs. The cells migrated to the bottom side of the insert membrane were fixed with ice-cold methanol at −20°C for 10 min, then stained with 0.5% crystal violet (Farco Chemical Supplies) in 20% methanol at room temperature for 10 min. Migrated cells were counted and captured using light microscopy.

Western blot analysis {#s4_6}
---------------------

Cells were lysed in cold radioimmunoprecipitation assay (RIPA) buffer (50 mM Tris-HCL, pH7.4, 50 mM NaCl, 2 mM EDTA, 1 % nonidet P-40, and 0.1 % SDS) and sonicated by Bioruptor Plus (Diagenode), followed by centrifugation at 12,000 g for 10 min at 4°C. Supernatant was collected, and protein concentration was measured using DC Protein Assay Kit II (Bio-Rad). Absorbance at 750 nm was determined using a microplate reader (Bio Tek, ELX800). Protein lysates were resolved in SDS-PAGE and transferred onto PVDF membranes (Bio-Rad). The membrane was blocked in 5% non-fat milk in PBST for 1 hr and probed with primary antibody ([Supplementary Table 1](#SD1){ref-type="supplementary-material"}) followed by HRP-conjugated secondary antibody (Bio-Rad Pacific Ltd). Specific bands were visualized by WESTSAVE Up (AbFrontier).

MTT assay {#s4_7}
---------

Cells were seeded in quadruplicate in 96-well plates. After an overnight incubation, the medium was removed and was replaced by MTT solution (250 μg/mL in PBS, Molecular Probes). The cells were incubated in a 37°C incubator for 4 hr. Insoluble formazan salts were then dissolved in DMSO (Sigma). Absorbances at 540 nm and 690 nm were detected by the microplate reader.

Flow cytometry annexin/PI {#s4_8}
-------------------------

Cell suspension was washed with cold PBS twice according to the manufacturer\'s instruction (BD Pharmingen), then resuspended in 1× binding buffer (1 × 10^6^ cells/mL). One hundred microliters of cells were then transferred to a 5 mL flow tube, followed by the addition of Annexin V-FITC and PI, and incubated for 15 min in dark at room temperature. Additional 400 μl 1× binding buffer was added before flow cytometry analysis.

Coulter counter cell-sizing {#s4_9}
---------------------------

Cell suspension was washed and resuspended in 10 mL PBS. Cell size was determined by Coulter Counter (Beckman) with an aperture diameter of 100 μm. Five hundred microliter of cell suspension were analyzed. Ten thousand cells were counted for each measurement.

Total RNA extraction and real-time PCR {#s4_10}
--------------------------------------

Total RNA was extracted by TRIZOL Reagent (Gibco/BRL) according to the manufacturer\'s instructions. The A ~260~/A~280~ ratio of total cellular RNA was \> 1.8 and was used for cDNA synthesis using the High Capacity RNA-to-cDNA Master Mix (Applied Biosystems, Foster City, CA, USA). Real-time PCR was conducted using the StepOne real-time PCR detection system and Fast SYBR Green Master Mix (Applied Biosystems). The primer sequences of human STC1 (5′- TGAGGCGGAGCAGAATGACT −3′, 5′-CAGGTGGAGTTTTCCAGGCAT-3′) and actin (5′-GACTACCTCATGAAGATCCT CACC-3′, 5′-TCTCC TTAATGTCACGCACGATT-3′) were used. Gene expression levels were calculated by the '^ΔΔ^Ct method' and were normalized using actin transcript levels.

ATP determination {#s4_11}
-----------------

Cells were seeded in quadruplicate in 24-well plates. After an overnight incubation, cells were lysed and centrifuged at 10,000 g for 2 min at 4°C. Supernatant was mixed with an ATP standard reaction solution (Molecular Probes) according to the manufacturer\'s instructions and luminescence was measured (VICTOR X4, Perkin Elmer). Cellular ATP levels were normalized by the protein concentrations.

Glycolysis assay {#s4_12}
----------------

Cells were seeded in triplicate in 96-well plates. After an overnight incubation, the culture medium was removed and the cells were washed with a respiration buffer according to the manufacturer\'s instruction (Abcam). A glycolysis reagent was added to each sample-well. The fluorescent signal was measured by dual-read time-resolved fluorescence at Ex~340nm~ and Em~615nm~ (VICTOR X4, Perkin Elmer) every 2 min for 2 hr at 37°C.

Extracellular oxygen consumption assay {#s4_13}
--------------------------------------

Cells were seeded in triplicate in 96-well plates. After an overnight incubation, medium was replaced by a fresh culture medium, an extracellular O~2~ consumption reagent was added to each sample-well according to the manufacturer\'s instruction (Abcam). The wells were promptly sealed with mineral oil. Fluorescent signals were measured by dual-read time-resolved fluorescence at Ex~340nm~ and Em~642nm~ (VICTOR X4, Perkin Elmer) every 2 min for 2 hr at 37°C.

GSH/GSSG-Glo assay {#s4_14}
------------------

Cells were seeded in quadruplicate in 96-well plates. After an overnight incubation, cells were lysed with the total glutathione lysis or oxidized glutathione lysis reagents, followed by an addition of a luciferin detection reagent according to the manufacturer\'s instructions (Promega). Luminescence was measured (VICTOR X4, Perkin Elmer), and the ratio of total glutathione to oxidized glutathione was calculated.

Statistical analysis {#s4_15}
--------------------

Statistical analysis was conducted using SigmaStat version 3.5. Data were evaluated by the Student\'s *t*-test or one-way analysis of variance (ANOVA) followed by Duncan\'s multiple range test. All data are presented as statistical mean ± SD. A *p* value \< 0.05 was used as the cutoff for statistical significance.

SUPPLEMENTARY MATERIALS TABLE {#s5}
=============================
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